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1. Experimental
1.1 Characterization

X-ray diffraction (XRD) performed on a Bruker D8 diffractometer by using
filtered Cu-Ka radiation under 40 kV and 20 mA. The microstructures of as-prepared
samples were investigated by using scanning electron microscopy (SEM) (Hitachi
8010). X-ray photoelectron spectroscopy (XPS) spectra were carried out with an
ESCALAB MARK II spherical analyzer with Ko radiation as the X-ray source.
Electron paramagnetic resonance measurement was collected on MS 5000. Raman
spectra were conducted on DXR2xi with a laser at wavelength of 532 nm.
1.2 Electrochemical Measurements

Tafel plots were scanned within —0.8 and —1.1 V at 1 mV s~ with the reference
electrode (Ag/AgCl electrode), and the Zn plates as the counter electrode and the
working electrode in three-electrode setups. The chronoamperometry (CA) transient
curves were recorded at —150 mV fixed overpotential. Linear sweep voltammetry
(LSV) tests were accomplished with a scanning velocity of 10 mV s”'. The above test
was implemented in ZnSO4 and ZnSO4: CH3COONHy, electrolytes. Electrochemical
impedance spectroscopy (EIS) studies were measured at a sinusoidal perturbation of 5
mV and in the frequency range of 1 mHz~100 kHz.
1.3 Computational Methods

Total energy calculations were conducted through density functional theory
(DFT) using the Vienna ab initio Simulation Package (VASP) using the

projector-augmented wave (PAW) method. °!"! The Perdew-Burke-Ernzerhof (PBE)
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approximation based on the generalized gradient approximation (GGA) was used to
determine the influence of the exchange-correction potentials. [52. 831 A plane-wave
cutoff energy was set as 800 eV. A Monkhorst-Pack K-point sampling of 18x18x6
was used for the crystalline Zn unit cell. To save the computational resources, the Zn
(0001) surface was modelled by a five-layer 5X5 surface supercell (25 Zn atoms per
layer) considering only considering the I' point, and the convergence criteria for the
ionic relaxation and the electronic self-consistent electronic calculation were set to
0.03 eV/A and 10 eV, respectively. In addition, a vacuum of 25 A was used to avoid
the interaction between periodically neighbour slabs. A dispersion-corrected DFT
method (DFT-D2) was adopted for the long-range dispersion correction.’®” For
absorption systems, the two top atomic layers were relaxed and the other three bottom

layers were fixed.
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Fig. S1 Cycling performance of Zn||Zn symmetrical cells with ZnSO4: CH3COONH4

electrolyte at 4 mA cm * for 1 mAh cm .



Fig. S2 Scanning electron microscopy (SEM) images of Zn||Zn symmetrical cells

cycled 200 h: (a) ZnSOy4 electrolyte; (b) ZnSO4: CH;COONHj4 electrolyte.
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Fig. S3 The contact angle of Zn anode after cycling in (a) ZnSOy electrolyte and (b)

ZnSQO4: CH3COONHy4 electrolyte.
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Fig. S4 The conductivity of electrolyte with / without CH;COONH4,
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Fig. S5 The photos of the cycled Zn||Zn button cells (a) without or (b) with
CH;COONHy4 after 50 cycles at 20 mA cm? for 5mAh cm?.

a
( )Cls 0-G=0 cc Nls Zn 2p
-NH-
-N'H- E
T T T T 1 — T T T Y T Y T T T T
296 292 288 284 280 402 400 398 396 1044 1032 1020
Binding energy(eV)
(b)
Cls Zn 2p
296 292 288 284 280 402 400 398 396 1044 1032 1020
Binding energy(eV)

Fig. S6 XPS spectra of C 1s, N 1s and Zn 2p of Zn-electrode after 5 cycles at 1 mA
cm 2 (a) ZnSO,4: CH;COONH; electrolyte; (b) ZnSOy4 electrolyte.
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Fig. S7 the scanning electron microscope - energy dispersive spectroscopy

(SEM-EDS) images of the cross section of Zn anode after 10 cycles at | mA cm™,
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Fig. S8 XPS of C 1s, Zn 2p, and N 1s, which are displayed in rows, with

corresponding durations of Ar' sputtering in columns.
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Fig. S9 XRD patterns of Zn anode after 3 cycles in ZnSO4 and ZnSO4: CH;COONH4

electrolytes.
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Fig. S11 Measurements of Zn®" transference number. Current-time plots of Zn
symmetric cells with (a) bare Zn and (b) SEI-Zn after polarization at 15 mV for 3000
s. The insets are the impedance spectra before and after polarization. The transference

number of Zn®" (#z,") was evaluated by the following equation'®:

o S8V LRy
w8 T AV —IRe)

where AV is the constant polarization voltage applied (15 mV here), lo and Roare the
initial current and resistance, and Is and Rsare the steady-state current and resistance,

respectively.
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Fig. S12 The corresponding Nyquist plots of Zn symmetric cells in (a) ZnSO4

electrolyte and (b) ZnSO4: CH3;COONH4 electrolyte at different temperatures.
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Fig. S13 Arrhenius curves of Zn symmetric cells at different temperatures (inset

shows the related equation to calculate the activation energy (Ea)).
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Fig. S14 The cyclic voltammetry (CV) curves of Zn plating/stripping on Ti foil with

different electrolytes (10 mV sh).
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Fig. S15 Nucleation overpotential (NOP) based on the Ti substrate with or without

CH3COONH; at a current density of 2 mA cm™.

Fig. S16 The SEM image of Ti foil after cycling for 10, 30, 60 and 120 min in (a)

ZnS0; electrolyte and (b) ZnSO4: CH;COONH; electrolyte at 2 mA cm™.
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Fig. S17 XRD patterns of pristine Zn foil and Zn-electrode soaked for 12 h in

different electrolytes.



Fig. S18 Photos of (a) pristine Zn foil, (b) Zn-electrode in ZnSO4, and (c)

Zn-electrode in ZnSO4: CH;COONHy after 20 cycles at 5 mA cm™ for 5 mAh cm™.
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Fig. S19 The EIS fitted curves of the symmetric batteries in difference electrolyte.

Fig. S20 Digital image of the assembled equipment for studying pH change of

electrolytes during cycling.
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Fig. S21 The pH monitoring of (a) ZnSOy electrolyte and (b) ZnSO4: CH3;COONH4

electrolyte of symmetric batteries cycling at 20 mA cm 2, respectively.
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Fig. S22 The pH monitoring of ZnSOj electrolyte of symmetric batteries cycling at 5

mA cm 2 in ice water bath.
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Fig. S23 pH monitoring of ZnSO4: CH;COONHj, electrolyte of symmetric batteries

cycling at 5 mA cm ? in ice water bath.
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Fig. S24 SEM images of MnO; cathode.
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Fig. S25 CV curves of Zn || MnO, full cells in ZnSO4: CH;COONHj electrolyte at 0.2
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Fig. S26 SEM images of the Zn || MnO; full cells after 100 cycles in different
electrolyte: (a) Zn anode and (d) MnO,; cathode before cycling; (b) Zn anode and (e)
MnO; cathode after cycling in ZnSOy electrolyte; (c) MnO; cathode and (f) Zn anode
after cycling in ZnSO4: CH3;COONH4 electrolyte.
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Fig. S27 Charge and discharge curves of Zn || MnO; full cells at 2 A g'1 for different

cycles.
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Fig. S28 The coulombic efficiency and long-term cycling performance of Zn|Ac

capacitors in ZnSO4: CH3;COONHy4 electrolyte at 25 °C.
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Fig. S29 The digital photos for physical state of ZnSO, electrolyte and ZnSOy:
CH;COONH4 electrolytes in -10 °C.
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Video S1 Operando compressed fast forward optical video of Zn anodes observed in 2

M ZnSO4 and ZnSO4: CH3;COONHy electrolytes for 30 mins.
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